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ABSTRACT: This analysis  surveys the properties of the solar  
wind, es tabl ishes  a s e t  of requirements f o r  solar wind simula- 
tion, and develops a conceptual design of a simulator system. 
The s igni f icant  features of the design a r e  the following. The 
protons a r e  formed i n  an  r-f excited plasma discharge ion 
source. 
purify the proton beam of other ions, energetic charge exchange 
neutrals, and Lyman alpha photons. The use of a small diameter 
beam permits d i f f e r e n t i a l  pumping of the ion source and the  
sample chamber. The proton beam e i t h e r  can be expanded t o  
flood the sample, o r  i t  can be scanned over the sample. 
KEY WORDS: so la r  wind, charge exchange, charge neutralization, 
sputtering, proton sources, mass separators, ion optics, u l t ra -  
high vacuum systems. 
A 20' deflect ion magnetic mass separator i s  used t o  
I. INTRODUCTION 
The development of spacecraft  thermal control  coatings 
requires the laboratory evaluation of the coating's resistance 
t o  damage induced by solar  photon and par t icu la te  radiation. 
A s  the  charac te r i s t ics  of the s o l a r  wind ( o r  so l a r  par t icu la te  
radiation) have been detemined rather  recently, various types 
of simulators, which had d i f fe ren t  operating and performance 
character is t ics ,  were fabricated.  The Hughes Research Iabora- 
'Ion Device Physics Dept. , Hughes Research Laboratories, 
Malibu, California.  
2This  work was performed under Contract NAS 2-5585. 
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t o r i e s  has performed a study of the simulation of the so la r  
wind for  the Ames Research Center of the National Aeronautics 
and Space Administration. 
survey the properties of the  solar wind, t o  es tab l i sh  the re- 
quirements fo r  a so la r  wind simulator, t o  analyze the techni- 
ques and apparatus t o  be used i n  the system, and t o  es tabl ish 
an optimized system and i t s  operating techniques. 
The goals o f  t h i s  program were t o  
This publication i s  one of a pair t h a t  report  the r e s u l t s  
of t h i s  study. 
ion sources, mass separators, and ion opt ics  systems needed t o  
form a proton beam that uniformly i r r a d i a t e s  a 10 cm diameter 
sample. This paper w i l l  survey the solar  wind properties,  the  
simulator requirements and, using the r e s u l t s  of King's analy- 
sis, es tab l i sh  a conceptual optimized simulation system. 
The companion paper by King(1) analyzes the 
11. SOLAR W I N D  COMPOSITION 
The p a r t i c l e  environments i n  space t h a t  a re  of pr incipal  
i n t e r e s t  t o  the designers o f  spacecraft a r e  the solar wind and 
the  radiat ion t h a t  e x i s t s  at  synchronous o r b i t .  The l a t t e r  
been summarized i n  an extensive survey by Stanley and Ryan. 
The properties of the so la r  wind, which have been measured by 
a number of s a t e l l i t e  probes, w i l l  be summarized i n  t h i s  sec- 
t i o n  of this paper. 
(3" 
The solar wind i s  the  term applied t o  the streaming plasma 
that i s  evolved from the sun. Because the energy of the par- 
t i c l e s  is  much greater  than that which can be associated with 
the corona temperatures, it i s  believed t o  r e s u l t  from a super- 
sonic expansion of the corona's charged par t ic les  coupled t o  
the  sun's magnetic f ie ld .  The plasma i s  neutral ,  having an 
equal number of posi t ive charges and electrons per un i t  volume. 
The ions and electrons have much d i f fe ren t  ve loc i t ies .  
The most abundant type o f  ion i s  the hydrogen ion, H+(i.e., 
a proton). The second most abundant type i s  the doubly charged 
helium ion, He2+ (i .e. ,  an alpha par t ic le ) .  
r a t i o  ( rl /rlp ) has been measured by the Vela 
l i t e s .  (37 During a two year period, the r a t i o  varied over the  
range of 1 t o  8$, with an average value of 3.7%. The var ia t ion 
i s  believed t o  r e f l e c t  time changes i n  the plasma composition. 
During periods of solar act ivi ty ,  i.e.,  so la r  f lares ,  the plas- 
m a  contains a much greater  He2+ content. I n  a recent c lass  3 
f lare ,  an IIa/Qpratio of 0.22 was observed.(4) Under t h i s  con- 
d i t ion  nearly half the charge of the so la r  wind is  carr ied by 
the He2+ ions. 
I1)The numbers i n  parentheses r e f e r  t o  the l is t  of references 
appended t o  t h i s  paper. 
The He2+ t o  
and 3B sa te l -  
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Although there  a r e  spectroscopic data indicating the  pres- 
ence of many other elements i n  the sun, only multi  1 
time. 
quiet  sun conditions. During t h i  eriod it was about 0.5% (by 
number r a t i o )  
t o  be present,r6) but t h e i r  low re la t ive  abundance and the  num- 
ber o f  ionic  s t a t e s  makes it very d i f f i c u l t  t o  ident i fy  them 
by means of energy per charge detectors.  The f o i l  col lector  
experiments made during the  recent Apollo f l i g h t s  should pro- 
vide more information about the heavy ion composition of the 
so la r  wind. 
charged 
oxygen ions O5+, O&, and 07+ have been ident i f ied P;Y 5 a t  this 
The heavy ion component could be resolved only under 
f the proton flux.f57 Other ions a r e  believed 
The solar  wind proton energies were first accurately mea- 
sured by the  Mariner 2 s a t e l l i t e ( 7 )  i n  the  f i n a l  t h i r d  of 19&. 
The average of the d a i l y  average proton energies for  the period 
was 1 3 5  eV. 
540 e V  (which i s  associated with quiet  sun conditions) t o  a 
high energy of 3100 eV. The Vela 2 A  and 2B s a t e l l i t e s  made 
about 13,000 measurements(8) during a period of minimum solar  
a c t i v i t y  from J u l y  1964 t o  Ju ly  1965. The mean value of the 
proton energy was 920 eV. 
a 550 e V  p a r t i c l e  energy, which i s  associated with the quiet  
sun condition tha t  was prevalent throughout most o f  the period. 
This d i s t r ibu t ion  of proton energies i s  shown i n  Fig. 1. 
The 3 hour averages ranged from a low energy of 
The la rges t  number of cases was f o r  
The energy of the He2+ ions was 4 times t h a t  of the so la r  
wind protons. 
05+), which could be resolved only during quiet  sun periods, (5) 
had energies of about 20 times that of the  protons. 
cm’2 sec- l  during 
quiet  sun conditions .( 6 ,  This value is  r e l a t i v e l y  constant, 
and i t s  var ia t ion with so la r  a c t i v i t y  generally l e s s  than a 
factor  of 2. 
The highly charged heavy ions (07+, Ob, and 
8 The so lar  wind ion flux i s  about 2 x 10 
The determination of the  so la r  wind electron properties is  
d i f f i c u l t  because the low energy of  the electrons means the 
spacecraft  po ten t ia l  can perturb the measurements and the solar 
induced photoelectrons can cause erroneous measurements. The 
most accurate measurements a r e  the  recent Vela 4B observations@) 
which showed that electron energy spectrum has a broad maximum 
i n  the energy range of 20 t o  40 eV. 
111. SOLAR W I N D  SIMULATOR FG3QUIREMENTS 
The requirements for  the laboratory simulation of t h e  
solar  wind a r e  established mainly by the so la r  wind properties 
that have been summarized i n  t h e  previous section. Additional 
factors  such as the  duration of the  t e s t s ,  the  cost  and com- 
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plexi ty  of the equipment, t h e  need f o r  accelerated tes t ing,  and 
t h e  s i z e  and number of samples must be considered. 
A. Par t ic le  Composition 
The most important parameter t o  be specified i s  that of 
the ion composition. A l l  e f f o r t s  t o  date t o  simulate the so la r  
wind have used either proton beams t h a t  were purif ied by mass 
separation, or mixed (unpurified) ion beams. The latter con- 
t a i n  molecular hydrogen ions (H2+ and If3+) as well as other 
ions. 
Although it i s  possible t o  rule o t t o t a l  simulation of 
the  so la r  ion plasma (p, He2+, 07+, O&, and 05') because of 
the  prohibi t ively expensive and complex apparatus required t o  
produce such a plasma, it i s  important t o  note some of the pos- 
s i b l e  e f f e c t s  of these minor consti tuents.  For example, t e 
sput ter  yield of oxygen ions i s  100 times that of protons.Pl0) 
Thus, the  oxygen ion component would have about the  same sput- 
t e r i n g  e f f e c t  as the  proton component of the  so la r  wind. The 
interact ion of highly charged ions, such as 07+, O&, and 05+, 
with the surface r e s u l t s  i n  the formation of x-ray photons o r  
Auger electrons.  Both of these can produce secondary ioniza- 
t i o n  i n  the ta rge t .  In t h i s  case, the e f f e c t  of t h e  heavy ions 
i s  much greater  than that of the protons. 
Based on the present l imitations,  simulation of the  so la r  
wind i s  l imited t o  the  use of pure proton beams. Nevertheless, 
one of the  f i r s t  tasks  of this optimized simulator w i l l  be t o  
determine i f  the simulation of the minor consti tuents of t h e  
so la r  plasma i s  necessary. 
plex O+ or  02+ source i n  conbination with an x-ray source. 
This could be done with a l e s s  com- 
B. P a r t i c l e  Flux 
T e simulation of the  so la r  wind requires a proton f lux of 
2 x 10 8 cm-2 sec- l  which corresponds t o  a ion current densi ty  
of 3 x 
data that were obtained during a period of decreasing and mini- 
mum so la r  ac t iv i ty ,  it may be necessary t o  modify the value f o r  
the  period of maximum solar  ac t iv i ty .  
small one. A much higher f lux  leve l  may be required t o  accel- 
e ra te  the  t e s t i n g  ra te .  This w i l l  be par t icu lar ly  t r u e  when 
radiat ion r e s i s t a n t  coatings a r e  developed. A t  present, accel-  
erated t e s t i n g  o f  photon ( l i g h t )  induced damage i s  performed 
with 5 t o  50 equivalent suns, where l imitat ion is  the output 
of the sources and the r e c i  r o c i t  fa i lure  of the samples. A 
proton beam of 2 x 1011 cm-$ sec- l  ( ion  current density of 
3 x lom8 A cm-2), which corresponds t o  a l e v e l  of 1000 times the  
normal s o l a r  plasma flux, i s  readi ly  obtained. This i s  an ac- 
ceptable design goal as far a s  the  engineering aspects a re  con- 
A an-'. Because t h i s  value i s  based on s a t e l l i t e  
The change should be a 
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cerned. The operating l i m i t  may be l e s s  than 1000 times the 
normal plasma flux because of reciproci ty  f a i l u r e  of the sample. 
C. P a r t i c l e  Energy 
The simulator should be capable of producing a proton 
beam of uniform energy that can be varied over the  range of 500 
t o  3000 eV, which corresponds t o  t h e  range of so la r  proton 
energies. The mean energy of the solar  protons i s  about 1000 
e V  . 
The simulator a l so  requires an electron emitter which i s  
capable of providing suf f ic ien t  e lectron current t o  the ta rge t  
t o  neutral ize  the  proton beam charge a t  any proton beam operat- 
ing level .  Based on observations of the electrons i n  the so la r  
plasma, these electrons should have energies of about 20 t o  40 
eV . 
D. Beam Puri ty  
A specif icat ion for  the ion beam pur i ty  must take i n t o  ac- 
count the nature of the impurity. For example, the molecular 
hydrogen ion (%+), which i s  the  major impurity, has chemical 
and physical e f f e c t s  that a r e  qui te  s i m i l a r  t o  those produced 
by protons. Therefore, the e f f e c t  of the  molecular ions should 
scale approximately as does i ts  concentration. A heavy ion, 
such as OHf, tiill have a sput ter  yield over 100 times that of 
a proton of the same energy. 
centration will have an e f f e c t  equal t o  the  99% proton compo- 
nent. 
Thus, i n  this case, a 1% O p  con- 
Another aspect of beam pur i ty  t h a t  must be specified i s  
the presence of energetic neutrals  formed by charge exchange. 
A s  the  fast neutrals  w i l l  have the  same mass e f f e c t s  on the  sur- 
face as ions, and because they a r e  not regis tered as a current 
and are  therefore not included i n  the dose measurements, it i s  
essent ia l  t h a t  the  number of charge exchange neutrals  not ex- 
ceed 1% of the proton flux. This factor  is  an important e le-  
ment i n  the select ion of the  mass separator system. 
The beam pur i ty  requirement should specify a l i m i t  fo r  
energetic photons (Lyman cx radiat ion)  that are  produced In  the 
ion source. These photons, which a re  due t o  the exci ta t ion of 
hydrogen by electron bombardment, have energies of 10 t o  13 eV. 
They can cause a very marked e f f e c t  on the  degradation of ther- 
m a l  control  coa t ings . ( l l )  The production of photons i s  negli-  
gible  i n  the low pressure electron bombardment ion sources and 
pronounced i n  the plasma type ion sources. 
sidered i n  the select ion of the mass separator. 
This factor  i s  con- 
265 
E .  System Requirements 
The specif icat ion of the operating pressure of the system 
must be s e t  i n  terms of the  p a r t i a l  pressures of the residual  
gases that can be present i n  the  system. This i s  important be- 
cause gases containing oxygen a r e  known t o  cause bleaching of 
some of the  color centers formed i n  the degradation of the  
thermal control coatings. The tolerance l i m i t s  f o r  these gases 
must be set t o  ensure that they will not in te r fe re  with the ex- 
periments. 
Duplication of the  vacuum conditions that e x i s t  i n  the in- 
terplanetary space ( i .e . ,  a random gas with a pressure of the 
order of lO-l3 Torr and a directed press r e  of the order of 
Torr due t o  streaming from the sunyu)  i s  unrea l i s t ica l ly  
expensive. R wever, the r e s u l t s  of so la r  wind simulation per- 
formed at  lo-% Torr a re  d i f fe ren t  from the e f fec ts  of operating 
the same coatings i n  space. 
that show marked changes i n  the r e f l e c t i v i t y  of  thermal control 
coatings that a r e  exposed t o  10-5 T o r r  p a r t i a l  pressure of oxy- 
gen ( a f t e r  i r rad ia t ion) .  
the  a r r i v a l  r a t e  of oxygen a t  1 x 10-7 Torr t o  that a t  1 x ~ O - ~ ~  
Torr. The former will accumulate on a surface t o  form a mono- 
layer i n  about 10 sec, while the l a t e r  condition will require 
3 years t o  form a monolayer. 
Experiments have been performed(13) 
This can a l so  be shown by comparing 
The significance of this estimate i s  that it will be nec- 
essary t o  perform experiments on the  i r rad ia t ion  of ident ica l  
samples under a range of vacuum conditions t o  determine i f  the  
experiments a re  sensi t ive t o  the presence of specif ic  gases. 
This i s  a standard procedure vhen operating an experiment i n  
the presence of addi t ional  factors  that can influence the re- 
s u l t s  * 
Because of the uncertaint ies  i n  the estimation of res idual  
gas e f f e c t s  on the  experiments, the a p r i o r i  establishment of 
p a r t i a l  pressure l i m i t s  i s  not possible. Instead, it i s  neces- 
sary t o  set up guidelines which w i l l  r e s u l t  i n  the design of a 
system that has the  capabi l i ty  t o  operate at  pressures below 
the 5 x 10-7 Torr level .  
these basic p a r t i a l  pressure parameters. I n  view of the  f a c t  
that hydrogen w i l l  be the major gas present (due t o  the  opera- 
t ion  of the proton source), it i s  possible t o  s e t  the  t o t a l  
operating pressure l i m i t  a t  5 x 10-7 Torr and t o  set ,  as a de- 
sign goal, the l i m i t  on the t o t a l  of a l l  other gases at  about 
1 x Torr. 
This w i l l  permit the establishment of 
I n  addition t o  controll ing the sample temperature it i s  
necessary t o  duplicate the  condition that e x i s t s  i n  space where 
none of the  radiat ion from the surface and none of the gas de- 
sorbed from the  surface i s  returned t o  the  surface. The 3OK 
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black body condition of space must be simulated by cryogenic 
shrouds t reated t o  have a high absorptivity.  
Another design requirement is  that the simulator system 
have a continuous operating l i fe t ime t h a t  i s  greater  than the 
test period. This could be of t h e  order of 1000 hours. The 
reason i s  that the pressurization of the system t o  repair  a 
component would cause the loss of the  samples due t o  the bleach- 
ing of the i r rad ia t ion  damage. An a l te rna t ive  i s  t o  design a 
system i n  which the  beam-forming cornponents can be isolated 
from the samples oy means of a high vacuum valve. T h i s  permits 
the pressurization of e i t h e r  element while maintaining the rest 
of the  system under vacuum. 
The specif icat ion of a proton beam area of 10 cm diameter 
i s  based on two considerations. T h i s  represents about the  
smallest area which can contain about 6 t o  8 samples 2.5 cm 
diameter, which i s  the s i z e  normally used. This s ize  beam 2s 
an upper l i m i t  f o r  an expanded s ingle  proton Iream. 
system malies possible a d i r e c t  comparison of the continuous 
beam and the  intermit tent  ras tered beam. This i s  important be- 
cause larger  samples w i l l  require the use of a ras tered beam t o  
obtain uniform i r rad ia t ion .  
Thus, t h i s  
IV. DESIGN ANALYSIS OF A SOLAR W I N D  SIMULATOR SYSTEN 
This so la r  wind simulator system i s  based on the preceding 
discussion of the  s o l a r  wind charact r ’ s t i c s ,  the solar  wind 
simulator requirements and on Kinglsflj analysis of the tech- 
niques and apparatus for  proton beam formation. An out l ine 
drawing of the proposed system i s  shown i n  Fig. 2. It consis ts  
of an r - f  excited pl2sma ion source, the  ion opt ics  system 
(which includes the  mass separator),  and the  sample chamber. 
The discussion of the components i s  organized about these three 
basic elements. 
A.  Ion Source 
King’s analysis  of proton sources indicated t h a t  the r-f 
ion source and the  electron bombardment ion sources a r e  the  
types bes t  sui ted for use i n  a simulator system. The r-f ion 
source was selected f o r  this design because it is  capable of 
operating a t  t h e  maximum ion current (1000 times the so la r  wind 
ion density) without causing an excessive gas load i n  t h e  sys- 
tem. The r-f source a l so  has t h e  advantages of a long operat- 
ing l i f e  and a high proton production efficiency. 
If the  accelerated t e s t i n g  was limited t o  l e s s  than about 
50 times the so la r  wind level,  the  electron bombardment ion 
source could be used i n  the simulator system. This source is  
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readi ly  adjustable over a wide range of ion currents, and pro- 
duces ions with a narrow energy spread. 
B. Ion Optics System 
The beam extract ion system i s  designed so t h a t  only the  
source i s  a t  high voltage. 
reaches the last lens, t o  reduce aberrat ions i n  the  lenses and 
separator and t o  reduce the  s ize  of the components. T h i s  a l s o  
permits the  beam t o  be rastered. The small s ize  of the  beam 
a lso  neans t h a t  it i s  possible t o  separate the source chamber 
from the  main chamber with a small o r i f i c e  without affect ing 
the beam. Thus, the two chambers may be pumped separately and 
the la rge  gas load from t h e  source removed without interact ing 
with the target .  This system i s  shown i n  Fig. 3. 
The beam i s  kept small u n t i l  it 
The ion extraction system o r  ion accelerator focuses t h e  
ions from the source i n t o  a beam with a divergence angle com- 
pa t ib le  with the rest of the ion opt ica l  system. It i s  opera- 
ted i n  the  accelldecel mode t o  prevent e lectron backstreaming 
and t o  permit adjustment of the  beam voltage and thus the pro- 
ton energy without affect ing the f i e l d  gradient a t  the surface 
of the plasma i n  the  source from which the  ions a r e  extracted. 
The s ingle  small aperture provides adequate current while s t i l l  
act ing as an effect ive flow impedance t o  reduce neutral  hydro- 
gen ef f lux  from t h e  discharge chamber. 
The first o r  focusing e inze l  lens focuses the ion beam 
through the  mass separator onto the aperture 4 cm from the e x i t  
plane of the  magnetic sector.  
t h i s  aperture, the  in tens i ty  of the  beam which a r r ives  at  the  
ta rge t  may be adjusted by a factor  of 100. 
By adjusting the beam s i z e  at  
The proton component i s  separated from the ion beam, which 
a l so  contains molecular ions, by means of a 20° sector  magnetic 
mass separator. King(1) has shown t h a t  t h i s  type of mass sep- 
a ra tor  is  superior t o  the E x B, the  Bennett r-f f ie ld ,  and the 
magnetic lens types. It fulf i l ls  the  two basic requirements - 
separation of the proton beam from both the  charged and un- 
charged ( i. e. , photons, charge exchange neutrals)  contaminants 
from the source without ser iuosly defocusing the beam. King 
has discussed the  tradeoff,  between adequate separation of 
charged species and beam defocusing due t o  energy dispersion, 
that must be made i n  choosing the separator angle. 
sector separates the protons from the %' beam by 0.6 cm a t  the  
aperture stop located 4 cm downstream of the  e x i t  plane of the  
separator. The increase i n  diameter of the  1 m m  diameter, 
1000 V oeam due t o  a 50 e V  energy spread when passing through 
this 20° separator i s  less than 0.5 mm. 
w i l l  pass a l l  of the proton beam and block other charged spe- 
cies.  This separator w i l l  nominally o p r a t e  at a magnetic 
The 20° 
Thus, a 2 mm aperture 
268 
f i e l d  of 300 gauss and consume less than 200 W. It should not 
require water cooling. The f inal  design of such a separator 
that i s  t o  be ac tua l ly  constructed should involve careful  con- 
s iderat ion of the  shape of the  magnet pole entrance and e x i t  
surfaces and of the  magnetic gap i t s e l f ,  i n  order t o  minimize 
aberrations.  
This 2 mm diameter aperture a l so  serves t o  l i m i t  the  flow 
of neutral  gas molecules i n t o  the chamber. It i s  thus possible 
t o  d i f f e r e n t i a l l y  pump the  gas that i s  released by the ion 
source and thus maintain the sample chamber at a b e t t e r  vacuum. 
The second e inze l  lens controls the s ize  of t h e  beam a t  
It i s  capable of expanding t h e  beam that passes the ta rge t .  
through the  aperture t o  10 cm diameter a t  the t a r g e t  plane or 
maintaining the beam s i z e  a t  0.1 cm so  t h a t  it may be rastered. 
A s  shown i n  the i n s e r t  i n  Fig. 2, a s e t  of def lect ion 
p la tes  may be inser ted between the  second lens and the  t a r g e t  
t o  raster the beam. 
The above four elements will provide a 10 cm diameter beam 
a t  the  ta rge t  i n  which no proton t ra jec tory  has an angle of 
more than 30 with respect t o  the  normal from the ta rge t  plane. 
C .  Sample Chamber 
The protor, beam then passes through an all-metal high 
vacuum valve t h a t  serves t o  i s o l a t e  the proton beam forming 
par t  of the simulator system from t h e  sample chamber. This 
serves two functions: 
1. t o  permit the samples t o  remain under vacuum i n  the  
event it i s  necessary t o  pressurize the  ion source 
section, 
2. t o  permit the ion source region to  remain under vacuum 
and thus protected from exposure t o  water vapor during 
the loading of samples. 
The sample chamber shown i n  Fig. 4 contains the  neutralizer;  
the  cryogenic shroud; the  sample t ransfer  arms; and the sample 
mounting p l a t e  (which supports the  samples); and t h e  proton, 
electron, and photon detection and measurement apparatus. The 
neutral izer  consis ts  of an electron emitter gperating i n  an 
accel-decel mode t h a t  produces up t o  3 x 10-o A of 30 eV elec- 
trons.  The cryogenic shroud i s  l iquid nitrogen-cooled an3 i s  
t reated so as t o  have an absorpt ivi ty  of 0.95 or  larger .  
The sample mounting p l a t e  i s  a constant temperature p l a t e  
t o  which the  samples a r e  mechanically attached. Fluid is  c i r -  
culated from an external  reservoir t o  maintain the p la te  tem- 
perature.  The p l a t e  is  moved i n  the  x-y plane by means of 
bellows sealed rotary motion drives i n  order t o  make possible 
sample t ransfer  and t o  scan the proton and photon beams. 
The sample t ransfer  operates i n  the following manner. The 
p l a t e  i s  positioned above the z-axis t ransfer  arm (see Fig. 4) .  
The arm i s  extended t o  engage the sample holder, and the ro ta ry  
motion then i s  used t o  unlock the sample. The sample i s  car- 
ried upward by moving the z-axis t ransfer  arm, and the sample 
i s  t ranferred t o  the y-axis sample transport  arm. The y-axis 
t ransfer  arm moves the sample i n t o  the integrat ing sphere. 
D . Beam Measurement Apparatus 
The sample aounting p l a t e  a l so  supports the apparatus f o r  
determining the flux, energy, and p r o f i l e  of the proton and 
electron oeams and the f lux and p r o f i l e  of the photon beam. 
These detectors,  as well as some pressure sensors, a r e  par t  o f  
the control  loop that regulates the  operation of the  ion source 
and the  neutral izer  . 
The determination of the flux, energy, and density p r o f i l e  
of the proton beam i s  accomplished by use o f  a Faraday collec- 
t o r  located below the  sample mounting p la te .  The col lector  
shouid have a iengyh-to-aiameter r a t i o  of a-bout :F t o  i t o  en- 
sure t h a t  the  potent ia l  within the col lector  i s  very s m a l l  and 
thus prevents the lo s s  of secondary electrons or ions. Shield- 
ing and operation of the  col lector  a t  a small posi t ive b ias  may 
be necessary t o  prevent e r rors  due t o  photoelectron currents 
that can resu l t  from the so la r  photon radiat ion simulation. 
The proton energy i s  determined by measuring the beam po- 
t e n t i a l  as a function of  bias poten t ia l  on the  col lector .  The 
proton beam energy spread i s  determined by p lo t t ing  the f i r s t  
der ivat ive of the beam currenc a s  a function of proton beam 
energy. The proton beam density p r o f i l e  i s  determined by mea- 
suring the beam f lux  ( a t  a fixed s e t  of operating conditions) 
a t  a number of points by moving the mounting p la te  i n  the x-y 
plane. Simultaneous measurement of the proton and electron 
beams i s  needed t o  regulate the operation of both sources, t o  
provide a measurement of the  proton dose r a t e  during the run, 
and t o  ver i fy  the degree of neutralization. This can be accom- 
plished by passing the comoined beam (protons and electrons)  
through an  aligned e l e c t r i c  and magnetic f ie ld .  The electrons 
a r e  swept out by f i e l d s  t o  another collector,  thus giving an 
electron and an ion current.  
Some of the experimental problems that should be an t ic i -  
pated i n  the design of the  measurement apparatus include both 
extremely low s igna l  levels  and the  high noise leve ls  that can 
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r e s u l t  from the  r - f  generator used i n  the  ion source, t h e  plas- 
m a  i n  the ion source, s t r a y  electron currents i n  the  chamber, 
and photoelectrons. While there  is  l i t t l e  that can be done 
about t h e  low signal  levels  (e.g., s ignal  of the order of 
A ) ,  there  are a number of remedies for  the  high noise 
level.  The r-f and plasma noise can be reduced by the use of 
T or T section f i l t e r s  or  by the  use of f e r r i t e  beads. 
design of the  f i l t e r s  can be obtained from any standard tex t .  
Carefully designed shields  a r e  the  most effect ive way of pre- 
venting the s t r a y  electron currents from measurement as par t  of 
the signal.  Photoelectric currents can be suppressed by oper- 
a t ing the  col lector  a t  a s l i g h t l y  posi t ive bias  with respect t o  
the surroundings. 
The ion-electron converter(14)7 ( l 5 )  can be used for  v i sua l  
check of the beam shape and densi ty  variations.  This consists 
of a f ine  metal mesh mounted near an electron excited phosphor 
on a p la te .  The ions s t r i k e  t h e  mesh, generating secondary 
electrons t h a t  a r e  a t t rac ted  t o  the phosphor, which i s  held a t  
a high posi t ive o ten t ia l .  U s e  of an electroformed nickel mesh 
of 400 wires cm-' gives resolution on the  order o f  25 t o  50 ,um.  
The 
E. Vacuum Pumps 
The vacuum pumps shown i n  Fig. 2 consis t  of two pa i rs  of 
sput ter  ion and titanium sublimation pumps. The combination is  
necessary because the pumping mechanism for  hydrogen i n  a sput- 
t e r  ion pump i s  limited t o  chemical reaction (get ter ing)  with 
the cathode ma,terial.(16)1( 17) The titanium sublimation pump i s  
added t o  increase the pumping of the hydrogen ( a s  well  as any 
other chemically react ive gases). 
the  gases t h a t  a r e  not gettered by the titanium. 
The sput ter  pump must handle 
The use of' l iquid helium cooled cryogenic pumps i s  not ad- 
visable for  a system i n  which the  predominant gas load i s  hydro- 
gen. The reasonris t h a t  the vapor pressure of hydrogen i s  of 
the order of 10-o Torr a t  a cryopump temperature of the order 
of 4.5 t o  4.2%.(18) 
be obtained from the TSP and ion pump. 
This value i s  poorer than t h a t  which can 
v. SUMMARY 
The design that has been produced satisfies the  require- 
ments for  simulation of the  so la r  wind. The most s ignif icant  
features are: 
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a. the  magnetic mass separator t o  pur i fy  the  beam 
of other ions, energetic charge exchange neutrals, 
and Lyman alpha photons, 
the  small ion beam t h a t  makes possible differen- 
t i a l  pumping of t h e  system, 
the  d i r e c t  comparison of the  expanded yersus 
the scanned beam, and 
the  i so lz t ion  valve between the  beam forming 
system and the sample chamber. 
b. 
c. 
d. 
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Fig .  2. Solar wind simulator system. 
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Fig .  3. Layout of solar wind simulator. 
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